The complexity of knee extensor torque time series decreases during fatiguing isometric 26 muscle contractions. We hypothesised that, due to peripheral fatigue, this loss of torque 27 complexity would occur exclusively during contractions above the critical torque (CT).
Introduction alia, to respiratory frequency (41) , stride timing in normal walking (24) and, crucially, 75 muscle force output (52, 56, 59) . In the latter case, older adults produce less complex 76 force output during a sustained finger abduction task than young subjects, suggesting 77 that for the same relative force output motor control is diminished in older muscle (59) . 78 We have recently extended the loss of complexity hypothesis to acute neuromuscular 79 system changes caused by fatigue in healthy young adults (42). In that study, repeated CT has been shown to occur at ~25-35% MVC using the same contraction duty cycle 93 (7, 8) . Performing muscle contractions at a range of intensities straddling the CT 94 should, therefore, provide crucial insights into the fatigue-induced loss of torque 95 complexity.
97
The CT, analogous to the critical power frequently measured during dynamic whole-98 body exercise such as cycling (35; for reviews, see 30, 34) , represents the asymptote of 99 the hyperbolic relationship between torque output and time to task failure or 100 "exhaustion" (7, 8) . Dynamic exercise performed above the critical power is associated and the progression of fatigue is much slower than that during contractions performed 107 above CT (8) . Above CT, there is a progressive loss of MVC torque until task failure 108 occurs, and at task failure the magnitude of peripheral fatigue is similar regardless of the 109 duration of the task (7, 8) . As such, the CT represents a critical metabolic (29) and 110 neuromuscular fatigue threshold (8) , and consequently metabolite-mediated peripheral 111 fatigue is thought to be the dominant mechanism of torque losses above CT (7, 8) . If The purpose of the present study was to investigate the effect of fatigue on the 120 complexity of knee extensor torque output in relation to the CT. The duration of the initial severe trial at 50% MVC was used to determine the 218 percentage of MVC used in subsequent trials, which were performed in an identical 219 manner. The objective of these tests was to yield trial durations of between two and 220 fifteen minutes, which have been recommended for the assessment of CT (25) . The 221 subsequent severe-intensity trials were performed in a randomized order. Visits two to 222 five were used to determine the CT; individual trials were identified as severe 1 (S1) to 223 severe 4 (S4), with S1 being the lowest and S4 being the highest torque.
225

Sub-CT trials
226
The final two visits were performed at target torques of 50% and 90% of the calculated 227 CT (identified as 50%CT and 90%CT), the order of which was determined by a coin where W′ represents the curvature constant parameter and t is the time to task failure. The time to peak torque and the half-relaxation time were also calculated from each 285 resting potentiated doublet. The time to peak torque was measured as the time from the 286 delivery of the stimulus to the highest torque response, and the half-relaxation time was 287 measured as half the time from the peak torque to the recovery of baseline torque. In 288 one participant during the CT50% trial, the stimulator failed to deliver a doublet 289 stimulus and the doublet data from that test were not used in the analysis. 
Variability and complexity
368
The variability and complexity data are presented in Table 2 at task end were significantly lower than those at task failure in the trials above the CT 375 (Table 2 ). Force accuracy was higher in the CT50% and CT90% trials than in S1 (F = 376 23.06, P <0.001), and accuracy declined only during contractions performed above the 377 CT (F = 101.5, P < 0.001, Table 2 ). Table 1 ). The rate of increase in arEMG also increased with increasing torque 400 requirements and was significantly greater above compared to below the CT (F = 8.63, 401 P = 0.008; Table 1 ).
403
The rate of decrease in ApEn ( Figure 4A ) increased with increasing torque requirements 404 from 90%CT to S4 and was significantly greater above compared to below the CT
405
(ApEn, F = 34.94, P < 0.001; Table 2 ). The rate of increase in DFA (Figure 4B) 406 increased with increasing torque requirements from 90%CT to S4 and was significantly 407 greater above compared to below the CT (F = 14.52, P = 0.001; Table 2 ). The major novel finding of this investigation was that the complexity of knee extensor four times faster for the S1 trial compared to the 90%CT trial, and with the rate of 453 fatigue in all its forms increasing as the torque demands increased above CT (Table 1) .
454
It is thought that the dominant mechanism of fatigue above CT is metabolite-induced 455 peripheral fatigue (7, 8) , on the basis that progressive phosphorylcreatine (PCr) The present investigation adds a further dimension to the critical power concept, (Table 1) . Specifically, by the end of the task in both the 50%CT and 90%CT 487 trials, the potentiated doublet torque had declined, and at 90%CT the voluntary 488 activation had decreased. This suggests that complexity is dissociated from the 489 development of central and peripheral fatigue below the CT, and that fatigue 490 mechanisms particular to contractions above CT are responsible for the loss of 491 complexity we observed. Below CT, the responses of PCr, P i and pH to exercise (29) 492 are probably too small to affect the neuromuscular system's submaximal output to any 493 significant degree. Thus, the neuromuscular system's freedom to explore and achieve
494
control solutions (i.e., its "adaptability", reflected by its output complexity; to the muscle (17) . However, the EMG measurements made in the present study (using 536 a single set of bipolar surface electrodes) did not allow us to address this hypothesis.
537
Nevertheless, common synaptic input oscillating at a single dominant frequency has 538 been suggested to cause the increased regularity of loaded postural tremor with aging 539 (55).
541
As we have previously observed (8) , peripheral fatigue developed more than four times 542 faster above than below CT, and its rate of development accelerated as the torque 543 requirements increased above CT ( Figure 4B ; Table 1 ). At task failure, however, the 544 potentiated doublet had declined to similar levels, regardless of its rate of change or the 545 intensity of the contractions themselves (Table 1) . This is consistent with previous data (Table   550 2). This indicates that task failure is characterized not only by consistent levels of Table 1 . Voluntary torque, peripheral and central fatigue parameters, and EMG responses to contractions below (50%CT and 90%CT) and above (S1-S4) the critical torque.
